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RIGXDOFRDJXODWLRQZHUHPDQLSXODWHG7KLVVRIWGXDOFRDJXODWLRQEDWKLQYROYHGWKHHPSOR\PHQW
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 KRXU EHIRUH EHLQJ ZDVKHG XVLQJ WDS ZDWHU WR UHPRYH DQ\ UHVLGXDO 7DEOH  OLVWHG WKH
FRPSRQHQWVRIGXDOFRDJXODWLRQEDWKXVHGLQWKLVVWXG\
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7KHSUHSDUHGPHPEUDQHVZHUHFKDUDFWHUL]HGLQWHUPVRIWKHLUVXUIDFHPRUSKRORJLHVDQGVWDWLF
FRQWDFW DQJOH WR VWXG\ WKH SRUH VWUXFWXUH DQG K\GURSKRELFLW\ SURSHUWLHV RI WKH PHPEUDQHV
IRUPHG7KHPHDVXUHVRIWKHK\GURSKRELFLW\RIWKHPHPEUDQHVXUIDFHVZHUHGRQHE\XVLQJWKH
ZDWHU FRQWDFW DQJOH PHWKRG :DWHU FRQWDFW DQJOH ZHUH PHDVXUHG E\ XVLQJ VHVVLOH GURS
PHWKRGV XVLQJ 5DPH+DUW 0RGHO  $GYDQFHG *RQLRPHWHU LQVWUXPHQW 7KH DGYDQFLQJ
FRQWDFW DQJOH ZDV REWDLQHG IURP D VHTXHQFH RI LPDJHV RI WKH JURZLQJ GURS 7KH FDSWXUHG
LPDJHVZHUHWKHQDQDO\]HGXVLQJ'523LPDJHVRIWZDUHWRREWDLQWKHPHDVXUHPHQWRIFRQWDFW
DQJOHV E\ DSSO\LQJ WKH /DSODFH<RXQJ HTXDWLRQ )(6(0 LV D TXDOLWDWLYH FKDUDFWHUL]DWLRQ
PHWKRG LQ RUGHU WR LQYHVWLJDWH WKH PHPEUDQH SRUH VWUXFWXUH WKH VXUIDFH RI WKH SUHSDUHG
PHPEUDQHV 6XUIDFHPRUSKRORJLHV RI WKH SUHSDUHG 39')PHPEUDQHV ZHUH REVHUYHG XQGHU
)(6(0&$5/=(,666835$93*HUPDQ\7KHPHPEUDQHVDPSOHVZHUHGULHGDQGWKHQ
FRDWHGZLWKDFRQGXFWLQJOD\HUWRSUHYHQWWKHVXUIDFHIURPUHOHDVLQJDQ\FKDUJHEHIRUH)(6(0
DQDO\VLV 7KH )(6(0 SLFWXUHV RI VXUIDFHV RI WKH PHPEUDQHV ZHUH WDNHQ DW YDULRXV
PDJQLILFDWLRQVRI
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7KHUHSUHVHQWDWLYH)(6(0LPDJHVRIWKHSUHSDUHGPHPEUDQHVVXUIDFHVXVLQJGXDOFRDJXODWLRQ
DSSHDU LQ)LJXUHDQG7KHXVHRIZWHWKDQRODVFRDJXODQW OHDGV WR LQWHUFRQQHFWLQJ
SRUHV RI VPDOOHU GLDPHWHU )LJXUH  ZKLFK LQGLFDWHV WKH HIIHFWLYHQHVV RI 39') SUHFLSLWDWLRQ
FRPSDUHG WRHWKDQROZDWHUPL[WXUHGLVFXVVHGE\$/$KPDGDQGFROOHDJXHV$KPDGHWDO
7KH ZHDN FRDJXODWLRQ DELOLW\ RI SXUH HWKDQRO FRPSDUHG WR ZDWHU H[SODLQHG WKH VORZHG
SUHFLSLWDWLRQ RI WKH PHPEUDQH GXULQJ WKH LPPHUVLRQ SURFHVV 7KHVH LQWHUFRQQHFWLQJ SRUHV
VWUXFWXUH LV GXH WR WKH VNLQOHVV V\PPHWULF VWUXFWXUHV IRUPHG FRPSHQVDWLQJ E\ WKH VRIWHU
FRDJXODWLRQ XVHG H[SODLQHG WKH KLJKHU FRQWDFW DQJOH RI  +RZHYHU WKH 39') FDVWLQJ
VROXWLRQVZHOOHGLQWKHFRDJXODWLRQEDWKFRQVHTXHQWLDO LQZHDNHQHGPHFKDQLFDOVWUHQJWK7KLV
LVGXHWRLWVSDUWLFXODWHPRUSKRORJLHVZKLFKDSSHDUHGWKDWWKHSRO\PHUSDUWLFOHVDUHLQWHUOLQNHG
DWFHUWDLQLQWHUIDFHVUHVXOWHGLQUHGXFHGLQWHUOLQNDJHSRLQWV

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)LJXUH)(6(0LPDJHVIRU06LQJOHFRDJXODWLRQRIZWHWKDQRO
7KHXVDJHRIVROYHQW103DV WKHVHFRQGFRDJXODWLRQZHUHYDULHGEHWZHHQ WRZW LQ
ZDWHUDQGWKHVXUIDFHPRUSKRORJLHVZHUHYLHZHGLQ)(6(0LPDJHV)LJXUHDG$OO39')
PHPEUDQHVH[KLELWHGSDUWLFXODWHOLNHPRUSKRORJLHVDVVKRZQLQWKH)(6(0LPDJHV+RZHYHU
WKHSRUHVRIWKHPHPEUDQHVIRUPHGZHUHLUUHJXODUDWORZHUFRQFHQWUDWLRQRI1035DLVLQJWKH
FRQFHQWUDWLRQRI103WRZWH[KLELWHGDSSDUHQWDJJORPHUDWLRQRI39')SDUWLFOHVLQGLFDWLQJ
WKDW WKHPDVV H[FKDQJH GXULQJ FRDJXODWLRQPD\ QRW KDYH EHHQ IXOO\ FRPSOHWHGZKLFK ZRXOG
LQWHUUXSW WKHFU\VWDOOL]DWLRQSURFHVV7KHVHSDUWLFXODWHVVWUXFWXUHVDSSHDU LQVPDOOQXPEHUDQG
ELJJHU LQ VL]H VXJJHVWLQJ WKH QXPEHU RI QXFOHL LQ WKH VROXWLRQ LV UHGXFHG FRPSHQVDWLQJ WKH
TXLFNHUJURZWKGXULQJ WKHPHPEUDQH IRUPDWLRQ+XJHJDSVEHWZHHQ WKHSDUWLFXODWHVWUXFWXUHV
JHQHUDWHVWKHODUJHUPHPEUDQHSRUHV*XJOLX]]DDQG'ULROL

$VWKH103FRQFHQWUDWLRQZHUHIXUWKHUUDLVHGLWFDQEHFOHDUO\VHHQWKDWWKHIRUPDWLRQRISRUHV
ZHUH XQLIRUP ZLWK UHGXFHG VL]H DQG HYHQO\ GLVWULEXWHG DFURVV WKH VXUIDFH /DUJH DPRXQW RI
VROYHQWLQZDWHUIRUWKHVHFRQGFRDJXODWLRQEDWKIXUWKHUVORZHGGRZQWKHSUHFLSLWDWLRQUDWHDVD
FRQVHTXHQW RI VORZHU GHPL[LQJ GXULQJ WKH ILUVW EDWK DV RQO\ D VPDOO FRQFHQWUDWLRQ JUDGLHQW
EHWZHHQ PHPEUDQHEDWK LQWHUIDFH ZKLFK LPSHGHG WKH H[FKDQJH SURFHVV 7KH QRQ VROYHQW
VROYHQW H[FKDQJH SURFHVV FRQWLQXHG LQ WKH VHFRQG EDWK RIPL[HG VROYHQW QHDULQJ WKH SKDVH
ERXQGDULHVDWVORZHUSKDVH OHDGLQJ WRDQ LQFUHDVHRIGHOD\HG WLPH$KLJKHUFRQFHQWUDWLRQRI
103RIIHUHGDPRUHSRURXVDQGKRPRJHQRXV ILOPZKLOH ORZHUFRQFHQWUDWLRQ UHVXOWHG LQ OHVV
SRURXVZLWKDSSDUHQWDJJORPHUDWLRQRI39')SDUWLFOHV

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)LJXUH)(6(0LPDJHVRID0E0F0DQGG0

7KHH[SHULPHQWDO VHWXSRI WKHPHPEUDQHJDVDEVRUSWLRQ LV VFKHPDWLFDOO\ VKRZQ LQ)LJXUH
0L[HGJDVRI&21RIYROXPHUDWLRZKLFK LV LQ WKH UDQJHRIFRPSRVLWLRQV IRU IOXHJDV
ZHUHXVHGDVWKHIHHGJDV/LTXLGDEVRUEHQWVXVHGZDV$03RI0,QWKHH[SHULPHQWVHWXS
WKH IORZ UDWH RI WKH IHHG JDV SURYLGHG IURP FRPSUHVVHG JDV F\OLQGHU ZDV DGMXVWHG DQG
FRQWUROOHGE\$DOERUJPDVVIORZFRQWUROOHUVEHIRUHLWZDVEHLQJIHGWKURXJKWKHXSSHUVLGHRIWKH
PHPEUDQHPRGXOH7KHLQOHWDQGRXWOHWJDVYROXPHIORZUDWHVZHUHPHDVXUHGXVLQJDEXEEOH
VRDSPHWHU7KHSUHVVXUHJDXJHVZHUHXVHGDVWKHLQOHWDQGRXWOHWSUHVVXUHLQGLFDWRUIRUERWK
WKH JDV DQG WKH OLTXLG 7KH LQOHW DQG RXWOHW JDVHV FRPSRVLWLRQV ZHUH DQDO\]HG XVLQJ *DV
&KURPDWRJUDSK\ 3HUNLQ (OPHU 7&' 'DWD ZHUH FROOHFWHG DIWHU WKH H[SHULPHQWDO VHWXS KDG
RSHUDWHGIRUPLQXWHVIRULWWRUHDFKDVWHDG\VWDWHFRQGLWLRQV'DWDZHUHFROOHFWHGHYHU\
PLQXWHVIRUPLQXWHVHDFKVDPSOHVZHUHDQDO\VHGWLPHVDQGWKHUHVXOWVZHUHDYHUDJHG
$OO RI WKH H[SHULPHQWV ZHUH FDUULHG RXW LQ URRP WHPSHUDWXUH WKHUHIRUH WKH JDV SKDVH
WHPSHUDWXUHZDVDSSUR[LPDWHO\&7KHHIILFLHQF\RI&2UHPRYDOZHUHFDOFXODWHG

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
)LJXUH6FKHPDWLFGLDJUDPRI0HPEUDQHJDVDEVRUSWLRQVHWXS

,W LV ZHOO NQRZQ WKDW FKDQJHV LQ WKH PHPEUDQH PRUSKRORJLHV DIIHFWHG WKH PHPEUDQH
SHUIRUPDQFHLQ0*$V\VWHP,QFUHDVHGLQK\GURSKRELFLW\GHILQLWHO\FRQWULEXWHGWRWKHLQFUHDVH
LQ WKH PHPEUDQH HIILFLHQF\ LQ UHPRYLQJ &2 )LJXUH  VKRZV WKH LQFUHDVLQJ WUHQG RI
K\GURSKRELFLW\ DQG &2 UHPRYDO HIILFLHQF\ RI WKH PHPEUDQHV $V FOHDUO\ VKRZQ LQFUHDVHG
FRQFHQWUDWLRQRI103LQZDWHURIWKHVHFRQGFRDJXODWLRQUHVXOWHGLQLQFUHDVHGYDOXHRIFRQWDFW
DQJOHV 9DOXH RI  ZDV UHFRUGHG DV WKH KLJKHVW FRQWDFW DQJOH DFKLHYHG E\ XVLQJ GXDO
FRDJXODWLRQEDWKRIQRQVROYHQWVROYHQWZLWK103FRQFHQWUDWLRQRIZW3HQJHWDO3HQJHW
DOUHSRUWHGWKDWVRIWHUSUHFLSLWDWLRQEDWKSUHYHQWHGWKHIRUPDWLRQRIDV\PPHWULFVWUXFWXUH
LQ39')PHPEUDQHZKLFK OHDGV WRKLJKHUK\GURSKRELFLW\0L[WXUHVZLWKZDWHU FRQWHQWKLJKHU
WKDQH[KLELWHG ORZHU FRQWDFWDQJOHZKHUHE\ IRUZDWHU FRQWHQW OHVV WKDQ ZWDKLJK
K\GURSKRELF VXUIDFH FDQ EH REWDLQHG 7KLV VLJQLILHV WKDW VRIW FRDJXODWLRQ  EDWK RI 103
FRQFHQWUDWLRQ ODUJHU WKDQ  ZW XQGHUJRHV SKDVH VHSDUDWLRQ DQG FU\VWDOOL]DWLRQ HYHQO\ ,W
DOVRVKRZV WKDWDJUDGXDO LQFUHDVH LQ&2 UHPRYDOHIILFLHQF\RI0*$V\VWHPZLWK LQFUHDVLQJ
K\GURSKRELFLW\ IDYRUHG E\ WKH UHGXFH RI WKH UHVLVWDQFH IRU D JDV OLTXLG FRQWDFW ZLWKRXW WKH
GLVSHUVLRQRIHLWKHUSKDVHV


)LJXUH(IIHFWRI103FRQFHQWUDWLRQLQGXDOFRDJXODWLRQEDWKRQ&2UHPRYDOHIILFLHQF\ƾ
RI0*$DQGFRQWDFWDQJOHRIWKHSUHSDUHGPHPEUDQHV

7KHIROORZLQJVWXGLHVHPSOR\HGWKHXVHRIGXDOFRDJXODWLRQEDWKRIVRIWFRDJXODQWV0HPEUDQH
ZLWKRSWLPDO FRQGLWLRQV ZW RISRO\PHU FRQFHQWUDWLRQZLWK FDVWLQJ WKLFNQHVVRIP
ZHUH PDGH LQ FRQWDFW ZLWK WZR VRIW FRDJXODWLRQ EDWK RI  ZW HWKDQRO DQG YDULHV 103
FRQFHQWUDWLRQ LQ 103 ZDWHU EDWK ,W ZDV SURYHQ WKDW HWKDQRO VLJQLILFDQWO\ DIIHFWHG WKH ILQDO
PRUSKRORJLHVRIWKHSUHSDUHGPHPEUDQHV,PSURYHGFRQWDFWDQJOHZDVREVHUYHGGXH
WR VNLQOHVV VXUIDFH OD\HU EXW VXIIHUHG ZHDNHQHG PHFKDQLFDO VWUHQJWK %HFDXVH RI WKH ZHDN
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PHFKDQLFDOO\VWUHQJWKRI0PHPEUDQHGXDOFRDJXODWLRQZHUHXVHG$IWHU LPPHUVLRQ LQ
ZWRIHWKDQROWKHPHPEUDQHVZHUHLPPHGLDWHO\LPPHUVHGLQYDULHG103ZDWHUFRDJXODWLRQ
EDWK$WORZHU103FRQFHQWUDWLRQWKHLUUHJXODULWLHVRIIRUPHGSRUHVZHUHVHHQXQGHU)(6(0
+RZHYHUWKHFRQWDFWDQJOHZHUHLPSURYHGDVFRPSDUHGWR0,GXHWRWKHLQFUHDVHGRIVXUIDFH
URXJKQHVV$WZWRI103WKHKLJKHVWFRQWDFWDQJOHRIZHUHDFKLHYHG$QLQFUHDVHG
RIUHPRYDOHIILFLHQF\ZHUHDFKLHYHGZLWK LQFUHDVLQJ103FRQFHQWUDWLRQZLWK0DFKLHYHGWKH
KLJKHVWHIILFLHQF\ RI7KLV LQGLFDWHV WKDW WKHRSWLPDOPHPEUDQH IRUPXODWLRQ ZW  RI
SRO\PHU FRQFHQWUDWLRQ ZLWK FDVWLQJ WKLFNQHVV RI  P ZLWK WKH HPSOR\PHQW RI GXDO VRIW
FRDJXODWLRQ EDWK  ZW HWKDQRO DQG  ZW 103 LQ ZDWHU EDWK FRXOG SURGXFH KLJKO\
K\GURSKRELF39')PHPEUDQHZLWKLPSURYHGSHUIRUPDQFHLQ0*$V\VWHP

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7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJHG WKH ILQDQFLDO VXSSRUW IURP 07'& JUDQW 1R 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8QLYHUVLWL6DLQV0DOD\VLD 860)HOORZVKLSDQG8QLYHUVLWL0DOD\VLD3HUOLV 6/$%
IRUILQDQFLDOVXSSRUWVWKURXJKRXWWKHVWXG\
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